Forecast of Waste Generation Dynamics in Latvia  by Klavenieks, Kaspars & Blumberga, Dagnija
1876-6102 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Riga Technical University, Institute of Energy Systems and Environment.
doi: 10.1016/j.egypro.2016.09.049 






Institute of Energy Systems and Environment, Riga Technical University, Azenes iela 12/1, Riga, LV–1048, Latvia   
$EVWUDFW
3ODXVLEOHGDWDWKDWLOOXVWUDWHVIXWXUHWUHQGVRIZDVWHSURGXFWLRQG\QDPLFVLVHVVHQWLDOIRUZDVWHPDQDJHPHQWV\VWHPGHYHORSPHQW
2SWLPDO GHFLVLRQV UHJDUGLQJ WHFKQRORJLFDO VROXWLRQV IRU ZDVWH PDQDJHPHQW RU SROLF\ LQVWUXPHQW DSSOLFDWLRQ FDQ EH PDGH LI









DQGFRPSRVLWLRQRIZDVWH&RQGLWLRQV IRU WKHRSHUDWLRQRI WKH V\VWHPQHFHVVDU\ WHFKQLFDO VROXWLRQV VWDUWLQJ IURP
ZDVWH FROOHFWLRQ VWDJH WR ZDVWH WUHDWPHQW LH UHF\FOLQJ IDFLOLWLHV ODQGILOO FDSDFLWLHV DQG WHFKQRORJLHV WR D ODUJH









Available online at www.sciencedirect.com
© 2016 The Authors. Published by lsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Riga Technical University, Institute of Energy Systems and Environment.
 Kaspars Klavenieks and Dagnija Blumberga /  Energy Procedia  95 ( 2016 )  200 – 207 201
RI ZDVWH SURGXFHG VKRZV WKDW WKHUH LV VLJQLILFDQW GLVSDULW\ 7KH WRSLFDOLW\ RI WKH LVVXH DUH LQ D QXPEHU RI
UHTXLUHPHQWVUHJDUGLQJELRGHJUDGDEOHZDVWHDQGUHF\FODEOHPDWHULDOUHFRYHU\LQFUHDVHZKLFKVKRXOGEHPHWLQWKH
SHULRGXSWR±LH±WKHFXUUHQWVLWXDWLRQLQGLFDWHVWKDWWKHVHUHTXLUHPHQWVFRXOGQRWEHPHWZLWKRXWVLJQLILFDQW





WKH SURJUHVV YDULHV DPRQJ GLIIHUHQW FRXQWULHV %HVLGHV HFRQRPLF FRQGLWLRQV WKH VRFLDO RQHV DUH FRQVLGHUHG IRU
HODERUDWLRQRIFKDUDFWHULVWLFVRIZDVWHSURGXFWLRQ>@KRZHYHU WKHPDLQREVWDFOHLVWKHDYDLODELOLW\RIDSSURSULDWH
DQGSODXVLEOHGDWD,QDGGLWLRQSUHYLRXVVWXGLHVLOOXVWUDWHDVLWXDWLRQZKHUHWKHSURVSHULW\OHYHOLVGLUHFWO\OLQNHGWR
DQ LQFUHDVH LQZDVWH DPRXQWV SURGXFHG >@$Q LQGLFDWRU VXFK DV KRXVHKROG VL]H DOVR KDV VRPH LPSDFW RQZDVWH













WHUP IRUHFDVWV > @ 6\VWHP G\QDPLFV PRGHOOLQJ LV DOVR XVHG WR DGGUHVV WKH HODERUDWLRQ RI ZDVWH JHQHUDWLRQ
IRUHFDVWV>@7KHDGYDQWDJHRIV\VWHPG\QDPLFVLVWKHSRVVLELOLW\WRLQFOXGHVRFLDOHFRQRPLFDQGHQYLURQPHQWDO






ZKLFK FRQVHTXHQWO\ LQGLFDWHV WKDW WKH RYHUDOO DPRXQW RIPXQLFLSDOZDVWH SURGXFHG VKRXOG EH LQFUHDVLQJ2Q WKH
QDWLRQDO OHYHO WKHUH LV D VWUDWHJLFSODQQLQJGRFXPHQW HODERUDWHG IRUZDVWHPDQDJHPHQW V\VWHPGHYHORSPHQW7KLV
GRFXPHQW ± ³1DWLRQDO ZDVWH PDQDJHPHQW SODQ ±´ >@ LQFOXGHV D VHFWLRQ RQ WKH HODERUDWLRQ RI ZDVWH
PDQDJHPHQWIRUHFDVW7KHPRGHOLQJPHWKRGDSSOLHGIRUWKLVLQWKHGRFXPHQWLVEDVHGRQDQDSSURDFKZKHUHZDVWH





UHJXODWLRQVRIZDVWHPDQDJHPHQW VHFWRU DUH QRW VHW  ,QPRVW FDVHV FDOFXODWLRQRI H[SHFWDEOHZDVWH DPRXQWV DUH
EDVHGRQ*'3YDOXHVDVZHOODVRQ LQGLFDWRUV WKDW UHSUHVHQW UHVRXUFHDQGRUJRRGVFRQVXPSWLRQ>@SXUFKDVLQJ
SRZHU >@ 7KLV DSSURDFK LV EXLOW RQ WKH DVVXPSWLRQ WKDW WKH G\QDPLFV RI PXQLFLSDO ZDVWH SURGXFWLRQ DUH
SURSRUWLRQDOWRIOXFWXDWLRQVLQ*'3YDOXHV7KHDPRXQWRIZDVWHJHQHUDWHGKRZHYHUGHSHQGVQRWRQO\RQWKHSDFH
RI HFRQRPLF GHYHORSPHQW EXW DOVR RQ FKDQJHV LQ WKH QXPEHU RI ZDVWH SURGXFHUV DQG WKXV ZDVWH SURGXFWLRQ
IRUHFDVWLQJLVFDOFXODWHGRQWKHEDVLVRIERWKHFRQRPLFDQGGHPRJUDSKLFSDWWHUQV
 
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*HQHUDOO\WKHIDFWRUVDIIHFWLQJWKHG\QDPLFVRIWKHWRWDODPRXQWRIZDVWHJHQHUDWHGFDQEHGLYLGHGLQWR

x ,QWHUQDO IDFWRUV  LQFOXGLQJ WKH DPRXQW RIZDVWH JHQHUDWHG SHU FDSLWD SRSXODWLRQ FKDQJHV DQG FKDQJHV LQ WKH
ZHOIDUHRIWKHSRSXODWLRQ









UHVHDUFK LV WKH VHOHFWLRQRIGDWDDQG LQGLFDWRUV WKDW LOOXVWUDWHKLVWRULFDOZDVWHSURGXFWLRQDQG LWV UHODWLRQ WRZHOIDUH
FKDUDFWHULVWLFV,QGLFDWRUVDPRXQWRIPXQLFLSDOZDVWHFROOHFWHGSDFNDJLQJZDVWHFROOHFWHGWKURXJKPXQLFLSDOZDVWH
PDQDJHPHQWV\VWHPDUHVHOHFWHGWRLOOXVWUDWHWKHZDVWHG\QDPLFVLQGLFDWRU*'3DWFRQVWDQWSULFHVLVVHOHFWHGIRU
ZHOIDUH OHYHO UHSUHVHQWDWLRQ 7KH IROORZLQJ VWHS LV WKH DQDO\VLV RI FKDUDFWHULVWLFV DQG LQGLFDWRUV VHOHFWHG IURP D




5HSRUW RQ ZDVWH ³1DWLRQDO UHSRUW RQ HQYLURQPHQW   ´ G\QDPLFV RI SRSXODWLRQ DQG *'3  &HQWUDO
6WDWLVWLFDO %XUHDX RI /DWYLD ,W VKRXOG EH QRWHG WKDW KLVWRULFDO GDWD TXDOLW\ DQG DYDLODELOLW\ LV D IDFWRU WKDW JUHDWO\






HTXLYDOHQW WR WKH WHUP ³PXQLFLSDO ZDVWH FROOHFWHG´ ZKLFK FRQVLGHULQJ WKH OHYHO RI GHYHORSPHQW RI WKH ZDVWH
PDQDJHPHQW V\VWHP LV HVWLPDWHG DV DQ DSSURSULDWH DSSURDFK:LWK UHJDUG WR WKH SULPDU\ GDWD QHFHVVDU\ IRU WKH
GHYHORSPHQWRIWKHIRUHFDVWV±QDPHO\±GHPRJUDSKLFDQGPDFURHFRQRPLFLQGLFDWRUSURMHFWLRQV±(85267$7GDWD
LV XVHG IRU GHPRJUDSKLF SURMHFWLRQV DQG0LQLVWU\ RI )LQDQFH RI WKH 5HSXEOLF RI /DWYLD SURMHFWLRQV DUH XVHG IRU
PDFURHFRQRPLF LQGLFDWRUV $V WKHPDFURHFRQRPLF LQGLFDWRU SURMHFWLRQV FRYHU WKH SHULRG XS XQWLO  WKH VDPH
YDOXHVDVLQZLOOEHDSSOLHGIRUWKH\HDUVEH\RQG:DVWHSUHYHQWLRQSROLF\LPSDFWLQGLFDWRUVLQFOXGHGLQ
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5HVXOWVDQGGLVFXVVLRQ
$FFRUGLQJWRWKHKLVWRULFDOGDWDRIWKHQDWLRQDOLQGLFDWRU³TXDQWLW\RIPXQLFLSDOZDVWHJHQHUDWHGSHULQKDELWDQW´
IRU ± IOXFWXDWLRQV LQ DPRXQWV RI ZDVWH SURGXFHG UHDFKHG   >@ ,Q RUGHU WR DVVHVV WKH SRVVLEOH











OLQHDU DQG WKH IDOO LQ WKH OHYHO RIZHOIDUHKDV ORQJHUWHUPHIIHFWVRQZDVWHSURGXFWLRQ3UREDEO\ WKH UHGXFWLRQRI







$Q DGGLWLRQDO DVSHFW UHJDUGLQJ KLVWRULFDO FKDUDFWHULVWLFV RIZDVWH DPRXQWV SURGXFHG LV UHODWHG WR WKH W\SHV RI
ZDVWH LQFOXGHG LQ WKH FDOFXODWLRQ RI WKHPXQLFLSDOZDVWH IORZ 7KH EDVLF DSSURDFK LQFOXGHV WKH DVVXPSWLRQ WKDW
SDFNDJLQJZDVWHDOWKRXJKWKHVRXUFHRIJHQHUDWLRQLVKRXVHKROGVLVQRWLQFOXGHGLQPXQLFLSDOZDVWHDPRXQWV,WLV
FOHDU KRZHYHU WKDW SDFNDJLQJ ZDVWH IURP KRXVHKROGV LV SURFHVVHG ZLWKLQ WKH V\VWHP RI PXQLFLSDO ZDVWH
PDQDJHPHQW,WVKRXOGEHQRWHGWKDWZLWKLQWKHIUDPHZRUNRIWKHH[LVWLQJZDVWHDFFRXQWLQJPHWKRGRORJ\LQVRPH
FDVHVSDFNDJLQJZDVWHLVUHSRUWHGDVQRQSDFNDJLQJUHF\FODEOHPDWHULDOVDQGLQRWKHUFDVHVRFDOOHGQRQSDFNDJLQJ
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
)LJ06:DQGSDFNDJLQJZDVWHIURPKRXVHKROGVLQFRPSDULVRQZLWK*'3YDOXHV±
&RPSDULQJVFHQDULRV³ZLWK´DQG³ZLWKRXW´ WKH LQFOXVLRQRISDFNDJLQJZDVWH LQ WKH WRWDODPRXQWRIPXQLFLSDO
ZDVWHSURGXFHG WKDW VFHQDULR ³ZLWK´SDFNDJLQJZDVWH DPRXQWV LQFOXGHG VKRZVQDUURZHU DPSOLWXGH IOXFWXDWLRQV
FRPSDUHG WR *'3 YDOXHV RYHU WKH \HDUV VR LQ IDFW WKLV DSSURDFK FRXOG PRUH DFFXUDWHO\ GHVFULEH WKH DFWXDO
DPRXQWV RI WRWDO PXQLFLSDO ZDVWH SURGXFHG ,W VKRXOG EH QRWHG WKDW WKH DPRXQW RI SDFNDJLQJ ZDVWH FROOHFWHG












SURGXFWLRQGDWD WKRXJK WKH VFHQDULRZKHUH VKDUHRIRI*'3YDOXH LV DSSOLHG FRXOG EH LGHQWLILHG DV WKHPRVW
























































WKH VDPH WLPH DOWKRXJK WKH H[DFW WUHQGV RI ZDVWH UHGXFWLRQ SROLF\ LPSDFW FDQQRW EH GHWHUPLQHG FRQVLGHULQJ
WRSLFDOLW\RIZDVWHSUHYHQWLRQ LVVXH LW LVQHFHVVDU\ WR LQFOXGHZDVWHDPRXQWVUHGXFWLRQ LQGLFDWRU LQ WKHSURJQRVLV






DUH VFKHGXOHG DQG DOVR WKHUH LV H[SHFWDEOH VRPH WUDQVERXQGDU\ LQIOXHQFH LQ FDOFXODWLRQ WKHUH LV LQFOXGHG DQ














































<HDU       
*'3       
3RSXODWLRQ       
,PSDFWRIZDVWH













7RWDO PXQLFLSDO ZDVWH DPRXQW SURGXFWLRQ IRUHFDVW VKRZV FRQVLVWHQW GHFUHDVH IURP  WKRXVDQG WRQQHV
SURGXFHG LQ  WR  WKRXVDQG WRQQHV SURGXFHG LQ  7KLV GHFUHDVH LV LQIOXHQFHG E\ GHPRJUDSKLF
FRQGLWLRQVLHTXLWHUDSLGGHFUHDVHRISRSXODWLRQLQWKHFRXQWU\,IWKHSODQQHGZDVWHSUHYHQWLRQPHDVXUHVIDLOWKH
SUHGLFWHGDPRXQWRIZDVWHSURGXFHGLQZLOOULVHWRWKRXVDQGWRQQHV
,WPXVWEHFRQFOXGHG WKDW WKH IOXFWXDWLRQVHVWLPDWHGDUHQRWVLJQLILFDQWDQG WKHUHZLOOEHQRGUDVWLFFKDQJHV LQ
ZDVWH YROXPHV SURGXFHGZKLFKZRXOG DGYHUVHO\ DIIHFW WKH IXQFWLRQLQJ RI WKHZDVWHPDQDJHPHQW V\VWHP1RWH
KRZHYHU WKDW WKH FUHGLELOLW\ RI WKH SURMHFWLRQ LV ODUJHO\ DIIHFWHG E\ GHPRJUDSKLF IRUHFDVWV DQG *'3 G\QDPLFV
FRPSOLDQFHZLWKWKHDFWXDOVLWXDWLRQVRLWLVQHFHVVDU\LQWKHUHIHUHQFHSHULRGWRXSGDWHWKHGDWDFKDUDFWHULVLQJWKH
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